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1.0
OBJECTIVES AND APPROACH

1.1 INTRODUCTION

The purpose of this Addendum to the Phase II Operable Unit No. 2 (OU-2) Alluvial RCRA
Facility Investigation/Remedial Investigation (RFI/RI) Work Plan (EG&G 1991a) is to modify
the Surficial Soil Sampling Program to include the analysis of all contaminants that are
potentially present at OU-2 for use in the human health risk assessment. The OU-2 Surficial
Soil Sampling Program contained in the Phase II RFI/RI Work Plan was designed to investigate
the extent of plutonium, americium, and uranium contamination in surficial soils and to study
the potential vertical migration of radionuclides through the soil column. Numerous soil studies
were made at the Rocky Flats Plant (RFP) before the OU-2 Phases I and II RFI/RI
investigations, some as early as 1971. These include soil scrapes and soil borings, as well as off-
site studies and aerial and surface gamma surveys. Data from these studies were useful in
developing the sampling plans for OU-2 Phases I and II. However, these data were not
consistently validated and, in some cases, remain unpublished. The OU-2 Phase II Surficial Soil
Sampling Program exceeds previous studies in completeness, validity, and geographic
distribution. The Surficial Soil Sampling Program contained in the Phase II RFI/RI Work Plan
is discussed further in Section 2.1.1 of this document.

Data from previous studies do not provide information on potential contaminants other than
plutonium, americium, and uranium. In order to assess the potential human health risks
associated with exposure to OU-2 soils, an evaluation of the nature and extent of non-
radioactive contaminants, as well as other radioactive contaminants, is required. Additional data
are necessary to evaluate potential human health risks from a variety of exposure pathways such
as direct contact, incidental ingestion, and inhalation of dusts from surficial soils. The results
of the health risk evaluation will be included in the RFI/RI report as part of the baseline
human health risk assessment.

Secondary objectives for the surface soil sampling program are to provide additional supporting
data for the environmental evaluation (EE) and allow assessment of remedial alternatives for
cleanup of the contaminated soils in accordance with the National Contingency Plan (NCP).
Risks will be presented in the OU-2 Baseline Human Health Risk Assessment, and remedial
alternatives will be developed and evaluated in the Feasibility Study (FS). Remedial alternatives
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will address remediation of all contaminated soils (surface and subsurface), groundwater, surface
water, and sediments at OU-2 as necessary.

Section 1.0 of this sampling and analysis plan provides background information and data for
OU-2 and a discussion of Data Quality Objectives (DQOs) for the Surface Soil Sampling
Program. Section 2.0 presents the Sampling and Analysis Plan (SAP), and Section 3.0 discusses
Quality Assurance/Quality Control (QA/QC) considerations. This work plan supplements the
Phase II RFI/RI Work Plan for OU-2 (EG&G 1991a).

1.2 DQO PROCESS

The Data Quality Objectives (DQO) Process, as outlined in Data Quality Objectives for
Remedial Activities (EPA 1987), is utilized in developing this work plan. The DQO process
ensures that project objectives are defined, identifies the environmental data necessary to meet
these objectives, and ensures that the data collected are sufficient and of adequate quality for
the intended use.

The DQO process is an iterative process designed to focus on the decisions that must be made
and to help ensure that site activities that acquire data are logical and cost effective. The DQO
process has three stages. Although the three stages are discussed sequentially in this document,
they are implemented in an interactive and iterative manner, whereby all DQO elements are
continually reviewed and re-evaluated. As such, the DQO process is integrated with
development of the SAP and may be revised as needed, based on the results of each data
collection activity. DQOs are developed using the three-stage process described in the following
sections as tailored to the surface soil sampling plan.

1.2.1 Stage 1 - Decision Types

Stage 1 (Identify Decision Types) defines the types of decisions that will be made regarding site
remediation. These decisions are based on input from identified data users (Section 1.2.1.1)
(i.e., risk assessors, remedial design engineers). In Stage 1, all available site information is
compiled and analyzed (Section 1.2.1.2) in order to evaluate potential chemical fate and
transport pathways at the site (Section 1.2.1.3). The information obtained in Stage 1 is used to
identify decisions to be made and deficiencies (data gaps) in the existing information (Section
1.2.1.4). The outcome of Stage 1 is a definition of the objectives of the site investigation and
an identification of data gaps.
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Stage 2 (Identify Data Uses/Needs) involves specifying the data necessary to meet the
objectives set in Stage 1. Stage 2 includes selecting the sampling approaches and the analytical
options for the site, including evaluating multiple-option approaches to allow more timely or
cost-effective data collection and evaluation.

In Stage 3 (Design Data Collection Program), the methods to be used to obtain data of
acceptable quality are specified in products such as the SAP or the workplan.

1.2.1.1 Data Users

Physical and chemical data for the surface soils will be used for preparation of the OU-2
Baseline Human Health Risk Assessment and to provide additional supporting data for the
environmental evaluation and feasibility study. The primary data users will be risk assessment
scientists, statisticians, and feasibility study engineers. If additional detailed information is
necessary for remedial design/remedial action, it will be collected as needed.

1.2.12 Current Understanding of Nature and Extent of Contamination

Site Location and Description

OU-2 is bounded on the north by South Walnut Creek, on the south by Woman Creek, on the
east by Indiana Street, and extends to the western extent of the 903 Pad. OU-2 is divided into
three areas: the 903 Pad, Mound, and East Trenches. These sites have been designated as
having the potential to adversely impact the environment (DOE 1987). Twenty sites are
designated as Individual Hazardous Substance Sites (IHSS) within OU-2. Five IHSS’s are
located in the 903 Pad Area, four IHSS’s are located in the Mound Area, and the remaining 11
are located in the East Trenches Area. Figure 1-1 shows the IHSS locations within OU-2.
Table 1-1 summarizes the disposal history for each IHSS as well as the suspected contaminant
classes that may be present.

The majority of the IHSS’s are disposal sites, which consisted of the shallow burial of waste in
pits covered by fill. More specifically, 12 of the disposal sites (IHSS 108, 109, 110, 111.1, 111.2,
1113, 1114, 1115, 111.6, 111.7, 111.8, and 113) were pits used for burial of hazardous and
mixed wastes. THSS’s 153 and 154 were pits used for burning and burial of waste. IHSS 112
was used as a surface drum storage site for hazardous, low-level mixed, or mixed transuranic
(TRU) wastes which leaked. THSS 155 is contaminated with plutonium and americium from
wind resuspension during clean-up efforts of the 903 Drum Storage site (IHSS 112). ITHSS 140
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was used for destruction of reactive metals. THSS 183 was used for detoxification of various
types of gases. Spray irrigation of sewage plant effluents occurred at THSS’s 216.2 and 216.3.

Nature and Extent of Contamination

The current understanding of the nature and extent of contamination is based on the results of
two previous sampling events, OU-2 Phase [ and Phase I RFI/RI investigations. Numerous
boreholes and groundwater monitoring wells were drilled and sampled during the OU-2 Phase
I and Phase II investigations to characterize the nature and extent of contamination within the
subsurface materials. Borehole composites from various intervals (surface to approximately
10 feet) were collected. The shallowest samples composited were from 0 to 2 feet.

Samples collected for the Surficial Soil Sampling Program contained in the OU-2 Phase II
RFI/RI Work Plan were selected to evaluate the extent of plutonium, americium, and uranium
contamination only, and therefore do not provide information on other potential contaminants
within the surficial soils.

The Phase 1 and preliminary Phase II results indicate that the unconfined or upper
hydrostratigraphic unit (UHSU) groundwater flow system is contaminated. The OU-2 UHSU
includes the Rocky Flats Alluvium and the hydraulically connected Arapahoe Sandstone (No.1)
groundwater flow system. The most pronounced organic contamination appears to be in the
western portion of OU-2 as tetrachloroethane (PCE), trichloroethene (TCE), chloroform
(CHCL,), carbon tetrachloride (CCl,), 1,2-dichloroethene (1,2-DCE), and 1,1,1-trichloroethane
(1,1,1-TCA), ranging from parts per billion to parts per million. No organic contamination has
been detected in the groundwater at the eastern portion of OU-2. Metals and inorganic
concentrations exceeding background concentrations have been observed in the UHSU. These
elements include strontium, barium, copper, and nickel, and to a lesser extent, chromium,
manganese, selenium, lead, zinc, molybdenum, and total dissolved solids. Uranium®® (U) is the
predominant radionuclide detected (slightly above background levels) in the UHSU, but a few
samples indicate the presence of plutonium and americium downgradient of the 903 Pad.

Soil sample analyses obtained from source borehole and plume characterization wells (Phase
1 and Phase II) (Figures 1-2A and 1-2B) indicate organic contamination (TCE, PCE, CCl,, 1,1,1-
TCA, 1,2-DCE, and CHCl,) ranging from parts per billion to parts per thousand. Toluene has
been detected in numerous soil samples across OU-2, and the source and significance has not
been determined. In addition, methylene chloride and acetone have been detected; however,
the blank samples also indicate the presence of those compounds, and therefore they could be
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laboratory contaminants. Plutonium, americium, and uranium were detected above background
in several source borehole samples. (See the RFP Sitewide Background Characterization report
[EG&G 1990a] for background analyte concentrations.) Since both the Phase 1 and Phase 11
source borehole samples were composited from several depths, except VOC samples, the
concentrations of radionuclides, metals, semivolatiles, total petroleum hydrocarbons, pesticides,
and base neutral acid extractable (BNA) may not represent the near-surface soil contamination.

The locations of the Phase II OU-2 RFI/RI Work Plan surficial soil sampling grids are
illustrated in Figure 1-3. Forty-four 10-acre grids and thirty-four 25-acre grids were sampled
for americium*! (Am), plutonium®®?% (Pu) and uranium?®? 24 2524238 ({7} in OU-2 using the
Colorado Department of Health (CDH) method (see Standard Operating Procedures [SOP]
GT.8 Operating Procedures Volume Il [EG&G 1992] for a description of the CDH method).
All 78 grids were also resampled using the Rocky Flats (RF) method (also see SOP GT.8) and
analyzed for Am*! and Pu®?% and U®3 4 25 and 238 The jnitial surficial soil sampling results
from the Phase II investigation show that above background upper tolerance limit levels of
Am?"! and Pu®? exist southeast (grids 21, 30, 36, 37, 48, 49, 56, 68, 80, and 95), east (grids 19,
20, 28, 29, 34, 35, 46, 47, 55, 79, and 88), and northeast (grids 26, 27, 32, 33, 44, 45, 53, 54, 61,
62, 66, 67, 72, 73, and 74) of the 903 Pad. The data support the hypothesis that the source of
the plutonium and americium is wind dissemination during clean-up efforts at the 903 Drum
Storage Site.

Geotechnical particle size analyses were performed on the very fine fraction soil obtained using
the CDH method from each grid. The very fine fraction is defined as soil which passes through
a 200 sieve (allows 74 micron particle to pass through). This very fine fraction can be used to
estimate content of respirable ( <10 micron) and entrainable (50-100 micron) particles that may
pose a risk via the air pathway.

The surface-water contamination in OU-2 is primarily confined to groundwater discharge points
(seeps) in the 903 Pad and Mound Areas. The principal chlorinated hydrocarbons (CHC) that
are detected in the 903 Pad Area seeps include 1,2-DCE, CCl,, CHCI,, PCE, and TCE with
maximum concentrations reaching several hundred micrograms per liter (pg/L) in many
samples. Elevated levels of plutonium have been detected in the surface-water samples from
the seeps on the south and east side of the 903 Pad. These results could be due to wind
resuspension and deposition and the subsequent mixing of sediments while sampling.
Groundwater seeps in the Mound Area show some CHC contamination of 1,2-DCA, 1,2-DCE,
1,1,1-TCA, CCl,, CHCI,, PCE, and TCE as well as some vinyl chloride with maximum
concentration reaching several hundred pg/L. Occasional low CHC contamination is detected
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in the groundwater seeps along South Walnut Creek immediately north of the East Trenches
Area of OU-2. Metals and other inorganic compounds occur intermittently above background
in these groundwater seeps, the South Interceptor Ditch (SID), and Woman Creek (DOE
1992b). These metals and other inorganic compounds include total dissolved solids, major ions,
strontium, and zinc. '

Low concentrations of CHCs have been detected from sediment locations in South Walnut
Creek, Woman Creek, and the SID (CHCI,, CCl,, TCE, and PCE in concentrations of less than
100 pg/L) (EG&G 1991b). Metals detected from sediment locations in the South Walnut
Creek, Woman Creek, and the SID are beryllium, lithium, silver, and tin (EG&G 1991b). These
metals were not detected in the background sediments sampled. Zinc, in concentrations above
the background upper tolerance limit, were also detected in OU-2 sediments. Plutonium 2%
U S5r¥ Am?!, Cs™’, and tritium were detected above background from sediments in OU-2.
Contaminated surface soil from the 903 Pad Area, transported by wind, may be the source of

the plutonium.

Data Adequacy

The soil, sediment, and water quality data used for the preceding discussion were collected
during the OU-2 Phase 1 and Phase II investigations and are either valid, acceptable with
qualifications, or nonvalid pending complete validation (some analytical data for Phase II have
not yet been received). Rejected samples were not used. Data validation is conducted in
accordance with guidance provided in the Quality Assurance Project Plan (QAPjP) (EG&G
1990b) and General Radiochemistry and Routine Analytical Services Protocol (GRRASP)
(EG&G 1990c).

With respect to representativeness, the previous results are from boreholes, monitoring wells,
surface-water, and sediment stations whose locations were selected during the Phase 1 and
Phase II planning to evaluate the nature and extent of contamination within the entire OU.
However, surficial soil samples in OU-2 have only been analyzed for certain radionuclides, and
therefore data are insufficient for other potential contaminants within the surficial soils to
adequately determine exposure point concentrations necessary for the human health risk
assessment.
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1.2.13 Chemical Fate and Transport

To support data collection needs, an integral part of the DQO process is the evaluation of
chemical fate and transport pathways. Surficial soil contamination at OU-2 has potentially
resulted from waste spills and leaks, burning operations, and surface exposure of shallow buried
waste as well as from the redistribution of contaminated dust via wind. Figure 1-1 shows the
individual hazardous substance sites (IHSS’s) contained within OU-2.

The chemical fate and transport flow diagram (Figure 1-4) portrays the potential release and
transport mechanisms due to surficial soil contamination. The primary potential release
mechanisms of contaminants from surface soils at OU-2 are stormwater runoff, volatilization,
wind suspension, infiltration and percolation, direct contact, and exposure to external radiation.
Human exposure to contaminants in surface soils can occur through each of these pathways;
however, the actual pathways of significance will be determined during the risk assessment. The
Draft OU-2 Exposure Scenario Technical Memorandum No. 5 (DOE 1992a) identifies the
exposure scenarios that will be evaluated in the baseline human health risk assessment. The
primary use of the surficial soil data obtained through this sampling and analysis plan will be
to estimate exposure point concentrations for exposure pathways that will be evaluated in the
baseline human health risk assessment.

1.2.1.4 Objectives/Approach

The Surficial Soil Sampling Program contained in the Phase I OU-2 RFI/RI Work Plan was
designed to investigate the extent of plutonium, uranium, and americium contamination in
surficial soils. In order to assess the potential human health risks associated with exposures to
OU-2 surficial soils, an evaluation of the nature and extent of non-radioactive as well as other
radioactive contaminants is required. Therefore, surficial soil samples will be collected to more
fully characterize surface contamination in OU-2. The objective of this surface soil

characterization plan is to provide physical and chemical soil data that are representative of the
OU and can be used to:

. Characterize chemical concentrations in surface soil so that a representative
mean and 95 percent upper confidence limit (UCL) on the arithmetic mean
concentration can be developed at a prespecified level of confidence and
accuracy (i.e., statistical sampling) (Section 2).
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. Develop exposure point concentrations for exposure pathways that will be
evaluated in the human health risk assessment.

. For purposes of the FS, delineate the area of contaminated surface soils that
may require containment or treatment and/or disposal.

This surficial soil sampling plan has been designed so that samples are collected in a uniform
manner and the results of the sample analysis are representative of the entire OU. In order
to facilitate representative, uniform, random sampling, samples will be collected using approved
Environmental Management Division (EMD) standard operating procedures (SOPs) (EG&G
1991b) as identified in Section 2.0.

The exposure scenarios presented in the Draft Exposure Scenarios Technical Memorandum
No. 5 (DOE 1992a) identified three future on-site receptors: an industrial worker, an ecological
researcher, and residents. The offsite and on-site exposure areas for current and future
receptors that will be evaluated in the baseline human health risk assessment are shown in
Figure 1-5.

Data from this surface soil sampling investigation will also be used to estimate exposure point
concentrations off site using contaminant fate and transport modeling. Off-site concentrations
of chemicals of concern will be used to evaluate potential risks to both current and future off-
site residents.

122 Stage 2 - Data Uses/Needs

Stage 2 of the DQO process involves the identification of data uses and types as well as data
quality and quantity needs to meet the objectives specified in Stage 1. It also includes the
selection of the sampling approach and the analytical options for the task including the
economic and technical feasibility of the technique chosen. Finally, DQOs must address the
precision, accuracy, representativeness, comparability, and completeness (PARCC) parameters
of the planned activities (EPA 1987).

12.2.1 Data Uses
To address the objectives outlined during Stage 1 of the DQO process, the anticipated uses for

the collected data must be specifically stated. The data from the surficial soil sampling activities

proposed herein will be used to characterize surficial soil contamination in OU-2. The
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information will be used to evaluate potential public health risks and will also be used to
evaluate remedial alternatives, if necessary. Specifically, the data collected will be used to
support: (1) a fugitive dust model that can be used to calculate exposure point concentrations
for the inhalation pathWay and can also be used to estimate exposure levels due to plant
ingestion offsite, (2) the 95% UCL concentration that will be used to develop exposure point
concentrations for the on-site soil ingestion, plant ingestion and dermal absorption pathways,
and (3) a contaminant runoff and transport model for estimating surface-water exposure point
concentrations.

1.22.2 Data Types

Upon identification of the intended users and use of the data to be collected, the specific data
types needed can be developed. Data types include general categories such as background and
investigative samples as well as more specific information such as proposed analytical

parameters. The analytical requirements are dictated by the intended use of the data (EPA
1987).

A Site-Specific Chemical Analyte Roster (S-SCAR) has been developed for OU-2. The criteria
used to select the chemicals to be analyzed are presented in Table 1-2. Pertinent information
reviewed as part of this selection process includes the following:

. Records of surface releases of analyte classes (i.e., radionuclides, semivolatiles,
etc.).

. Chemicals previously detected in surface soils.

. Relative mobility (solubility, adsorption). Table 1-3 presents a summary of the

intermedia migration characteristics of each of the organic analyte classes.
. Chemicals previously detected in subsurface soil borings or sediment samples.

As indicated in Table 1-1, several potential site contaminants are associated with the THSS’s in
OU-2. Section 1.2.1.2 detailed the nature and extent of contamination at the site based on a
review of available data. The previous discussions and data evaluation indicate that several
contaminant classes should be analyzed during the surface soil sampling program. The
contaminant classes that will be analyzed are outlined below.
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TABLE 1-2

CONSIDERATIONS FOR IDENTIFYING THE SURFACE SOIL

SITE-SPECIFIC CHEMICAL ANALYSIS ROSTER (S-SCAR)

FOUND IN
FOUND IN BORING OR INCLUDE IN
SURFACE SURFACE SEDIMENT SURFACE
ANALYTE CLASS DISPOSAL SOILS MOBILITY SAMPLES S-SCAR
Radionuclides Yes Yes Low to Moderate Yes Yes(1)
Metals Yes Not Sampled Low to Moderate Yes Yes
Volatile Organics Unknown Not Sampled Would Evaporate Yes No(2)
from Surface Soils
Semi-Volatile Unknown Not Sampled Generally Immobile Yes Yes
(Base/Neutrals)
Semi-Volatile (Acid Unknown Not Sampled Generally Mobile No No(3)
Extractables)
Pesticides/PCBs Unknown Not Sampled Immobile Yes Yes
Q)] As discussed in the text surface soil samples will be collected and analyzed for gross alpha, gross beta, Ra?2%28 Cs1%7 and
S in the OU-2 area.
) As discussed in the text, volatile organics will not be included in S-SCAR. It is expected that these compounds would have
volatilized form surface soils and would no longer exist in detectable concentrations.
3) These compounds were not detected at OU-2. Considering the moderate to high soil mobility of this compound class, it

is unlikely that acid extractable compounds deposited in the surface soils would remain in this disposition. Thus, this class

has been excluded from the S-SCAR.
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Analyte Class 1 - Radionuclides

Radionuclides are included in the S-SCAR because records indicate historical surface releases
and radionuclides have been detected in surface, soil boring, and sediment samples. The non-
volatile nature of radionuclides coupled with their low to moderate solubility suggests they
would persist in the environment near the ground surface. Therefore, surface soil samples
collected during this proposed sampling effort will be analyzed for gross alpha, gross beta, Sr®*,
Cs', and Ra?%#8, Pu®%% Am?* and U??2325238 will not be analyzed for because sampling
for these radionuclides was included in earlier OU-2 Phase II activities. Background sampling
will be conducted as part of this OU-2 Surficial Soil Sampling Program and is discussed in detail
later in this document. Tritium exists in the environment as tritiated water. If it were released
to surface soils at OU-2, it would have been removed by infiltration and runoff due to its high
mobility in the environment. Therefore, tritium is not on the S-SCAR because it is not expected

to be found above background.

Analyte Class II - Metals

Metals are included in the S-SCAR because sewage treatment plant effluent containing low
concentrations of chromium was inadvertently sprayed on the two East Spray Irrigation Sites
(IHSS Nos. 216.2 and 216.3) in March 1989 and because of the potential for metals to be
present at other IHSS’s. Metals are generally relatively insoluble and are nonvolatile, suggesting
persistence in the environment near the ground surface. '

The analysis of hexavalent chromium was also included in this Surface Soil Sampling Program
Addendum at 30 percent of the sampling locations because historical documentation indicated
the potential presence of chromium in surface soils at OU-2 and because chromium (VI) is
regarded by the EPA as a human carcinogen via inhalation (EPA 1992a). Analysis of chromium
(V1) in soils requires extraction and analysis techniques that will preserve the valence states of
the metals. In addition, chromium (V1) is highly reactive and will be reduced to chromium (III)
when in contact with organic matter, which is a possibility for surface soils at the Rocky Flats
Plant. Regardless, chromium (VI) has been included in the S-SCAR because of its toxicity.

Analyte Class Il - Volatile Organics

Surface soils need not be analyzed for VOCs due to their high volatilization potential and high
solubility. VOCs would have either volatilized into the air, solubilized in surface runoff water,
or been transported to groundwater.
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Analyte Class IV - Semi-Volatile Organics

Base /Neutral Extractables

There are no known releases of semi-volatile compounds, and previous surface soil samples
were not analyzed for these compounds. However, base/neutral extractable, semi-volatile
compounds are included in the S-SCAR because they have been detected in soil boring and
sediment samples. In addition, they are relatively insoluble and display low volatility suggesting
they would persist in the environment near the ground surface.

Acid Extractables

There are no detections of these chemicals in the soils/sediments at OU-2 reported detection
limits. This class of compounds has low adsorption coefficient (K,.) values ranging from 27 to
900 and high water solubility (WS) values ranging from 14 to over 82,000 ppm. These values
are indicative of chemicals that do not adsorb to soil (K, <1000).and are mobile in the
environment (WS > 10 ppm) (Ney 1990). Table 1-3 is a summary of environmental inter-media
migration characteristics. Accordingly, they are not included in the surface soil sampling S-
SCAR.

Analyte Class V - Pesticides/PCBs

There are no documented surface releases of organochlorine pesticides or PCBs; however,
previous surface soil samples were not analyzed for these compounds. Organochlorine
pesticides and PCBs are included in the S-SCAR because they have been detected in borehole
and sediment samples at the RFP and are a potential site contaminant class as determined from
the disposal history (Table 1-1). In addition, they are relatively insoluble and non-volatile,
suggesting persistence in the environment near the ground surface.

The S-SCAR and associated analytical methods and detection limits are presented in Table 1-4.

1.2.23 Data Quality

Analytical [ evel

Analytical methods and support levels must be evaluated during the development of site-specific
DQOs. The parameters for which the analytical method is valid, its limitations, and any special
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TABLE 1-4

SITE-SPECIFIC CHEMICAL ANALYSIS ROSTER (S-SCAR)

SUBSTANCE REQUIRED DETECTION LIMIT (MDA)
(Radionuclides) SOIL MATRIX (pCi/g)
Gross Alpha 4.0
Gross Beta 10
S0 1.0
Cs™¥7 0.1
Ra?* 0.5
Ra*® 05
Substance (Metals) Nominal Detection Limit (mg/kg)°
Antimony 12
Arsenic 20
Barium 40
Beryllium 1.0
Cadmium 1.0
Calcium 2000
Cesium® 200
Chromium 20
Chromium VI° 1.0
Cobalt 1.0
Copper 5.0
Iron 20
Lead 1.0
Lithium® 20
Magnesium 2000
Manganese 3.0
Mercury 02
Molybdenum® 40
Nickel 80
Potassium 2000
Selenium 1.0
Silver 2.0
Sodium 2000
Strontium® 40
Thallium 2.0
Tin® 40
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TABLE 1-4
(Continued)
Vanadium 10
Zinc 4.0
Substance (Semivolatiles) Low Quantitation Limit (ug/kg)*
bis(2-Chloroethyl) ether 330
1,3-Dichlorobenzene 330
1,4-Dichlorobenzene 330
Benzyl alcohol 330
1,2-Dichlorobenzene 330
bis(2-Chloroisopropyl) ether 330
N-Nitroso-Di-N-propylamine 330
Hexachloroethane 330
Nitrobenzene 330
Isophorone 330
Benzoic acid 1600
bis(2-Chloroethoxy)methane 330
1,2,4-Trichlorobenzene 330
Naphthalene 330
4-Chloroaniline 330
Hexachlorobutadiene 330
2-Methylnaphthalene 330
Hexachlorocyclopentadiene 330
2-Chloronaphthalene 330
2-Nitroaniline 1600
Dimethyl phthalate 330
Acenaphthyalene 330
3-Nitroaniline 1600
Acenaphthene 330
Dibenzofuran 330
2,4-Dinitrotoluene 330
2,6-Dinitrotoluene 330
Diethylphthalate 330
4-Chlorophenyl phenyl ether 330
Fluorene 330
4-Nitroaniline 1600
4,6-Dinitro-2-methylphenol 1600
(4034-180-0022-630)(R2T.1-4) (02-03-93 9:13am) 1225




TABLE 1-4
(Continued)
N-Nitrosodiphenylamine 330
4-Bromophenyl phenyl ether 330
Hexachlorobenzene 330
Phenanthrene 330
Anthracene 330
Di-n-butylphthalate 330
Fluoranthene 330
Pyrene 330
Butyl benzyl phthalate 330
3,3-Dichlorobenzidine 330
Benzo(a)anthracene 330
bis(2-Ethylhexyl)phthalate 330
Chrysene 330
Di-n-octyl phthalate 330
Benzo(b)fluoranthene 330
Benzo(k)fluoranthene 330
Benzo(a)pyrene 330
Indeno (1,2,3-cd) pyrene 330
Dibenz (a,h) anthracene 330
Benzo (g,h,i) perylene 330
Substance (Pesticides/PCBs) Detection Limit (ug/kg)"
2-BHC 8.0
8-BHC 8.0
8-BHC 8.0
8-BHC (Lindane) 8.0
Heptachlor 8.0
Aldrin 8.0
Heptachlor epoxide 8.0
Endosulfan I 8.0
Dieldrin 16.0
4-41-DDE 16.0
Endrin 16.0
Endosulfan II 16.0
4,4*-DDD 16.0
Endosulfan Sulfate 16.0
{4034-180-0022-630) (R2T.1-4) (02-03-93 9:13am) )
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TABLE 1-4

(Concluded)
44 -DDT 80.0
2-Chlordane 80.0
8-Chlordane 80.0
Toxaphene 160
Arochlor-1016 80.0
Arochlor-1221 ) 80.0
Arochlor-1232 80.0
Arochlor-1242 80.0
Arochlor-1248 80.0
Arochlor-1254 160.0
Arochlor-1260 160.0

Method Detection Limit

| Bulk Density Testing l |

2 See Quality Assurance Project Plan (QAPjP) (EG&G 1990a) and General Radiochemistry and Routine
Analytical Services Protocol (GRRASP) (EG&G 1990b). USEPA-CLP, Statement of Work for Organics,
Multi-Media, Multi-Concentration, 10/86 (Rev. 1/87, 2/87, 7/87, 8/87, 2/88). USEPA-CLP, Statement of
Work for Inorganics Analysis, Multi-Media, Multi-Concentration, 7/87.

b Non-CLP Target Analytes - Required Detection Limit

Specific quantitation limits are highly matrix dependent. The quantitation limits shown are guidance and
may not always be achievable.

mg/kg milligrams per kilogram
mg/m>®  milligrams per cubic meter
pCi/g  picoCuries per gram

ng/kg  micrograms per kilogram
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considerations that will affect data quality must be understood in order to select appropriate

analytical methods for specific uses.

The analytical options available to support data collection activities are presented in five general
levels (EPA 1987). These levels are distinguished by the types of technology and documentation
used, and their degree of sophistication.

. LEVEL V - Nonstandard methods. Radiological analyses and analyses that may
require method modification and/or development. These data can be used for

risk assessment applications.

. LEVEL 1V - Contract Laboratory Program (CLP) Routine Analytical Services
(RAS). This level is characterized by rigorous QA/QC protocol and
documentation and provides qualitative and quantitative analytical data. These

data can be used for risk assessment application.

. LEVEL III - Laboratory analysis using methods other than CLP RAS. This
level is used primarily to support engineering studies and risk assessments using
standard EPA-approved procedures. Some procedures may be equivalent to
CLP RAS without the CLP requirements for documentation.

. LEVEL II - This level is characterized by the use of portable analytical
instruments which can be used on-site or in mobile laboratories stationed near
a site. This level is appropriate for determining presence of contaminants,

relative concentrations, and screening of samples.

. LEVEL I - This level is characterized by the use of portable instruments which
can provide real-time data to assist in the optimization of sampling point
locations.

Chemistry data derived from the proposed surface soil sampling and analysis program at OU-2
will be used to evaluate human health risks posed by contamination, if any. Analytical data
need to be validated in order to be used for risk assessment. Only Level V and Level IV
analytical reports provide sufficient documentation to allow for data validation. Although Level
IIT analytical procedures are similar to Level IV, the documentation provided is not sufficient
for data validation. Therefore, soil samples collected as part of this plan will be subjected to
Level IV analytical procedures and reporting requirements. Radionuclides are considered non-
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conventional analytes; therefore, the analytical level for these constituents is Level V (EPA
1990a).

Detection Limits

In this section, a comparison is made between analytical detection limits for the S-SCAR and
the risk-based concentration of each analyte corresponding to EPA target risk levels. This risk-
based concentration is referred to as an exposure limit (EL). ELs were developed to evaluate
detection limits so that data collected will be sufficient for evaluation of the potential human
health risks. ELs have been calculated for those analytes listed in the S-SCAR for OU-2 that
are recognized as having chronic or carcinogenic health effects in humans (i.e., an Oral
Reference Dose [RfD] or Carcinogenic Slope Factor [CSF] exists for the substance). RfDs and
CSFs were taken from the Integrated Risk Information System (IRIS) (EPA 1992c) and/or
Health Effects Assessment Summary Tables (HEAST) (EPA 1992a). ELs have been calculated
using exposure scenarios for a residential receptor. ELs for a resident have been developed in
this document because they are expected to give the lowest ELs for-the OU-2 area. If the
detection limits are acceptable for the residential ELs, then it was assumed that they would be
acceptable for the other receptors also. These ELs have been calculated for comparison with
the analytical method detection limits. Detection limits for analytes are specified in the
GRRASP (EG&G 1990c).

A description of how these ELs were calculated is contained in Appendix A. Note that the ELs
were developed using current knowledge and exposure assumptions regarding exposure
scenarios at OU-2. These scenarios and their associated exposure assumptions may change
when the baseline human health risk assessment is conducted based on site-specific information
and professional judgment. The approach presented in Appendix A is meant only for the
evaluation of detection limits and may not directly reflect assumptions to be used in the baseline
human health risk assessment. The residential exposure scenario, for which ELs were
developed, is expected to be the most limiting because the estimated intakes for this receptor
will be higher than those for other receptors. Thus, if the ELs are acceptable for the residential
receptor, they will also be acceptable for the other, lesser-exposed receptors.

Reference doses, carcinogenic slope factors, and relative potency factors used in the calculations
are provided in Table A-4. Relative potency factors represent the relative carcinogenicity of the
polycyclic aromatic hydrocarbons (PAHs) to benzo(a)pyrene. These relative potency factors are
interim guidance issued by EPA Region IV (EPA 1992b).
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Table A-5 compares ELs calculated for a future on-site residential receptor with analytical
detection limits as specified in GRRASP. A review of this table reveals that, in general,
GRRASP-specified detection limits are much lower than calculated ELs. Arsenic, beryllium,
benzo(a)pyrene, and Aroclor 1254 were found to have ELs below the analytical detection limits.
However, in all four cases, the estimated ELs were within a factor of 10 of the GRRASP-
specified detection limits. These ELs were estimated using a target risk level of 1x10¢. Using
the GRRASP-sp‘ecified detection limits in place of the estimated ELs would result in a risk level
of 5.5x10° for arsenic, 6.7x10° for beryllium, 3.0x10® for benzo(a)pyrene, and 1.9x10° for
Aroclor 1254. In the National Oil and Hazardous Substances Pollution Contingency Plan (NCP)
(40 CFR Part 300), EPA states that: "For known or suspected carcinogens, acceptable exposure
levels are generally concentration levels that represent an excess upper-bound lifetime cancer
risk to an individual of between 10 and 10%." If GRRASP-specified detection limits are used,
concentrations of arsenic, beryllium, benzo(a)pyrene, and Aroclor 1254 near the detection limits
will result in estimated risk levels that are acceptable. Therefore, no special analytical
procedures will be used.

Background Samples

Representative background analytical data are necessary for meaningful interpretations of
surface soil data at OU-2. Background data determine naturally occurring spatial variability and
concentration levels of a constituent. Background surface soil data can then be compared with
data from OU-2 to determine the likelihood that concentrations of chemicals or elements,
particularly those that are naturally occurring, represent waste activities at the OU. Background
samples will be collected as part of the surficial soil sampling program at OU-2. A description
of the background samples that will be collected is included in Section 2.2.3.

1.2.2.4 PARCC Parameters

The PARCC parameters are indicators of data quality. Precision is a quantitative measurement
of the reproducibility of the data under a given set of conditions and may be determined by
collecting field duplicate (replicate) samples. Accuracy measures the bias in a sampling
program. Sampling accuracy can be assessed through the collection and analysis of field and
trip blanks. Analytical accuracy is evaluated through the analysis of field and trip blanks and
through the analysis of laboratory quality control (QC) samples and matrix spikes. The degree
to which a data set is representative of the study area is known as representativeness. This
criterion is best addressed by ensuring that the Sampling and Analysis Plan (SAP) justifies

sampling locations and that a sufficient number of samples are collected. Completeness is
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defined as the percentage of valid measurements; comparability is a qualitative indicator of how
well newly collected data will be comparable with previously collected data. PARCC parameters
for the surface soil sampling program are discussed in Section 3.0.

1.2.3 Stage 3 - Design Data Collection Program

Stage 3 results in the description of the procedures that will be implemented to obtain data of
acceptable quality and quantity to make the required decisions. Through the process of
addressing the elements identified in Stages 1 and 2, all the components required for completion
of Stage 3 should be available. The SAP presented in Section 2.0 describes the data collection
program for the surface soil sampling task. The plan discusses the protocols for sample
collection including the types, locations, and frequency of samples to be collected. Section 3.0
presents QA /QC considerations.
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2.0
SAMPLING AND ANALYSIS PLAN

2.1 PREVIOUS WORK

Surficial soil sampling programs at OU-2 have previously been limited to the investigation of
radionuclide contamination. Several reports were prepared during the early seventies to
evaluate plutonium levels in the surficial soil in and around RFP. The OU-2 Phase I study
examined soils for other analytes including metals and volatile and semivolatile organic
compounds (Rockwell International 1987). However, this study involved the compositing of

samples from 0 to 2 feet or more. For risk assessment use, surficial soil samples from no

deeper than the top 2 inches of soil are preferred, since soil from this zone is most likely to

come into direct contact with humans or be subjected to wind erosion.
2.1.1 Phase 1 and II, 1987-1991

Several studies of RFP surficial soils have concluded that soils east of the 903 Pad are
contaminated with plutonium and americium as a result of wind dispersal during cleanup
operations (Krey and Hardy 1970; Seed et al 1971; Poet and Martell 1972; Johnson et al 1976;
Little 1980; Little et al 1980). The most exhaustive study to date has been the Phase II RFI/RI
currently underway. Surficial soil sampling for Phase Il was performed during the summer of
1991, using the Colorado Department of Health (CDH) method (EG&G 1992). In addition to
the surficial soil sampling performed by the CDH method, each grid was resampled using the
RF method (EG&G 1992).

Under the CDH method, soil samples are collected by driving a stainless-steel sampling device
(5.08 x 5.4 x 0.25 cm; 2 x 2-1/8 x 1/4 inch) into undisturbed soil. In the OU-2 program, 25
equally spaced subsamples collected by the CDH method were composited within a 10-acre area
for Am*, Pu®**® and U425 and 238 nalysis. Due to large variations in soil-plutonium near the
903 Pad, 2.5-acre grids were used immediately east of the 903 Pad Area and were analyzed for
Am? Pu®# and U3+ 35ad 28 The CDH method was used so the soils could be evaluated
according to State of Colorado guidelines, which require special construction techniques on
lands with plutonium concentrations greater than 0.9 pCi/g of dry soil.
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Under the RF method (Figure 2-1), soil samples are collected by driving a 10 x 10 cm (4 x 4 in)
cutting tool 5 cm (2 in) into undisturbed soil. The sample within the tool cavity is collected and
placed in a new 5-gallon stainless-steel can. In the OU-2 program, ten subsamples were
collected from the corners and the center of two 1-meter squares, spaced 1 meter apart (Figure
2-2). Each set of 10 subsamples was composited into one sample resulting in a sample volume
of 25,000 cm®.

In this addendum, the RF method (Figure 2-1) is proposed to be used with a different sampling
scheme (Figure 2-3).

22 PROPOSED WORK
22.1 Sampling Objective

The objective of this sampling plan is to collect data representative of nonradioactive and
radioactive contamination in surface soil at OU-2 that can be used to estimate mean and
95 percent UCL contaminant concentrations. Potential human health risks for each
contaminant can then be evaluated. Representative systematic sampling will be conducted to
fulfill this objective. The samples will be equally spaced surface soil composites taken from
polygons that entirely cover the area of interest and selected (biased) polygons that focus on
known or suspected surface soil contamination. This approach provides for site-wide coverage
and conservatively includes potential hot spots. In order to design the sampling program, the
following must be defined:

(1) Objective of the sampling and analysis plan

(2) Area of interest

(3) The size of the polygon

4) The compositing methodology for sampling a polygon
(5) The number of polygons to be sampled

(6) The locations of the polygons to be sampled

The principal objective of the sampling plan is to estimate contaminant concentration
parameters such as the mean, variance, and confidence intervals so that source term estimates
for fate and transport modeling and exposure point concentrations can be calculated. This
objective is primarily to support the human health risk assessment where exposure scenarios
such as incidental soil ingestion, inhalation of resuspended particulates, and dermal absorption
of chemicals in soil may be evaluated.
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2.2.2 Sampling Method

The size of the polygons to be sampled was selected based on the receptors to be evaluated in
the risk assessment. The human receptors to be evaluated include: (1) an industrial worker,
(2) an ecological researcher, and (3) a resident (Figure 1-5). The future on-site residential
scenario will likely have the greatest potential exposure of the three receptors. Therefore, a
sampling polygon representing an exposure area for an on-site resident will be utilized. The
appropriate polygon size for the residential exposure area is 50 feet by 100 feet (EPA 1989).

The RF method described in SOP GT.8 Operating Procedures Manual, Volume HI (EG&G
1992) will be used in conjunction with the sampling scheme shown in Figure 2-3. Fifty
subsamples will be composited in each polygon.

The OU-2 area was divided into these polygons, and the polygons were numbered sequentially.
Forty polygons were systematically selected for sampling as described below. A sample
population of 40 will allow an adequate number of samples to assess contaminant distributions
across OU-2. One composite soil sample will be taken from each polygon selected for sampling.
If a sample polygon was determined to be located within a disturbed area (road, french drain,
etc.), the sample location was eliminated and replaced by an adjacent, undisturbed polygon.

The information presented in Table 1-1 indicates that surface soil contamination is likely to be
identified in several IHSS’s. These ITHSS’s include 108 (Trench T-1), 113 (Mound Site), 140
(903 Pad Reactive Metals Disposal Site), 155 (903 Lip Site), and 216.2/216.3 (Spray Fields).
To provide for sampling and analysis of surface soils in these IHSS’s, 6 plots corresponding to
these IHSS’s were specifically selected for sampling. The remaining 34 samples were evenly-
spaced throughout the OU-2 area.

This biased sampling approach was taken intentionally to provide for a more thorough
characterization of surface soils in this area and to provide chemical concentrations and
corresponding risks that would not underestimate actual risks in this area. Thus, the above
sampling scheme will satisfy the requirements of the risk assessment and Feasibility Study by
allowing for the estimation of surface soil chemical concentrations that are marginally biased
toward detecting chemicals in surface soil, which is a more conservative approach for
characterizing surface contamination at this OU. IHSS’s with suspected surface soil
contamination and the plots selected for surface soil sampling in this area are presented in
Figure 2-4. Plots that were selected for biased sampling include 376, 405, 407, 508, 1637, and
1843.
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The remaining 34 polygons selected were evenly-spaced, based on a grid, throughout the entire
OU-2 area. The grid was developed by dividing the approximate area of OU-2 by 34 and then
taking the square root. A grid with the resulting dimension was placed over the OU-2 area and
the polygon in the center of the grid was selected. Figure 2-5 illustrates the polygons selected
for sampling. This sampling scheme provides for a systematic and conservative characterization
of potential surface soil contamination at OU-2 because it includes samples that are
representative of the entire site as well as samples that are selected for potential surface soil

contamination.

The southwest corner of each sampled polygon will be surveyed and identified with a marked
stake or steel post, if not previously surveyed during the Phase II sampling program. The

subsample location will be located using a hand-held compass and tape measure.
2.2.3 Background Surficial Soil Sampling

The analytical results from the OU-2 surficial soil samples collected will be compared with
background concentrations. This comparison will be performed during the selection of
Contaminants of Concern (COCs).

The OU-1 Surface Soil Sampling and Analysis Plan (DOE 1992b) included a discussion of the
number of background samples required in order to obtain a 95 percent tolerance interval with
a tolerance factor of 3 at the 95 percent confidence level (i.e., the number of samples required
to produce an upper limit of the tolerance interval at the mean plus three standard deviations
of the sample population). The analysis of the number of background samples in the OU-1
surficial soil sampling program is also applicable to OU-2, and nine sampling stations will also
be collected in the background area for OU-2. Though the background samples collected under
the OU-1 sampling plan are applicable for use in the OU-2 assessment, not all the OU-2
analytes of potential concern were analyzed (e.g., Cs'¥, lithium). Therefore an additional nine

randomly selected background grids will be sampled and analyzed.

The Rock Creek Drainage vicinity was chosen as the background area due to its location,
geomorphology, and proximity to OU-1 background area. The background area is located
generally northwest of the RFP processing area. Since the prevailing wind direction is from the
northwest, it is presumed that the contaminants from operations at RFP would have had a
nominal or minimal impact on the background area. The general geomorphology of the
background area is similar to OU-2 with a pediment mesa composed of the Rocky Flats
Alluvium between a south- and a north-facing slope covered with colluvial material. The OU-1
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background area was included in the OU-2 background area for the following reasons: the south
facing slope is similar to OU-2 and so that the OU-1 and OU-2 background analytical results
could be combined.

The proposed background area was divided into 100-foot by 50-foot polygons and sequentially
numbered. The nine polygons were selected for sampling with the use of a random number
program. The proposed sampling locations as well as the OU-1 background sampling locations
are shown in Figure 2-6. The RF sampling method (EG&G 1992) will be used for collecting
samples in conjunction with the sampling scheme shown in Figure 2-3 for collecting the
background samples.

23 ANALYSIS PLAN

The proposed analytical program for surficial soil sampling at OU-2 is presented in Table 2-1.
As indicated, the list is sufficiently comprehensive to include expected contaminants based on
the disposal history of OU-2. However, VOCs and acid extractables are not included because
of the unlikelihood that these compounds would be present in the surface soil in OU-2. In
order to provide a full suite of background analyte concentrations, several analyses have been
added to the proposed analyte for background samples only and are shown in Table 2-2.

23.1 Radiochemistry

Pu® Am?!, and U?*»%5 2438 gnalyses will not be performed in this sampling effort, since
substantial data have been obtained from previous studies. To provide additional information
on radionuclide surface soil contamination, analyses to be performed are listed in Table 2-1 and
consist of gross alpha and gross beta, Ra***® Sr*% and Cs. Radionuclide analyses will be
performed in accordance with methods referenced in the GRRASP. Pu®?* Am*"! and

233234 and 238 wil| be evaluated in the background program as indicated in Table 2-2.

23.2 Non-Radiochemistry Analytical Parameters

CLP Target Compound List (TCL) for organic (semivolatile and Pesticide/PCBs) analyses and
CLP Target Analyte List (TAL) for metals analyses will be performed as specified in the
GRRASP. The non-CLP Target Analyte metals, cesium, chromium VI, lithium, molybdenum,
strontium, and tin will also be performed in accordance with the GRRASP. The non-
radiological analytical parameters and proposed reporting limits are also presented. Because

chromium is a potential site-related chemical of concern in surface soil, hexavalent chromium
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TABLE 2-1

PROPOSED OU-2 SURFACE SOIL SAMPLING PARAMETERS

TOTAL METALS

bis(2-Chloroethyl)ether
2-Chlorophenot

ORGANICS: SEMIVOLATILES BASE/NEUTRAL
EXTRACTABLES (continued)

Antimony 1,3-Dichlorobenzene

Arsenic 1,4-Dichlorobenzene Fluoranthene

Barium Benzy! alcohol Pyrene

Beryllium 1,2-Dichlorobenzene Butyl benzylphthalate

Cadmium 2-Methylphenol 3,3'-Dichlorobenzidine

Calcium bis(2-Chloroisopropyl)ether Benzo(a)anthracene

Cesium 4-Methylphenol bis(2-ethylhexyl)phthalate

Chromium N-Nitroso-Dipropylamine Chrysene

Chromium (VI)? Hexachloroethane Di-n-octyl Phthalate

Cobalt Nitrobenzene Benzo(b)fluoranthene

Copper Isophorone Benzo(k)fluoranthene

Iron 2-Nitrophenol Benzo(a)pyrene

Lead 2,4-Dimethylphenol Indeno(1,2,3-cd)pyrene

Lithium Benzoic acid Dibenz(a,h)anthracene

Magnesium bis(2-Chloroethoxy) methane Benzo(g,h,i)perylene

Manganese 2,4-Dichlorophenot

Mercury 1,2,4-Trichlorobenzene ORGANICS: PESTICIDES/PCBs

Molybdenum Naphthalene

Nickel 4-Chloroaniline Target Compound List -

Potassium Hexachlorobutadiene alpha-BHC

Selenium 4-Chloro-3-methylphenol beta-BHC

Silver 2-Methyinaphthalene delta-BHC

Sodium Hexachlorocyclopentadiene gamma-BHC (Lindane)

Strontium 2,4,6-Trichlorophenol Heptachlor

Thallium 2,4,5-Trichlorophenol Aldrin

Tin 2-Chloronaphthalene Heptachlor epoxide

Vanadium 2-Nitroaniline Endosulfan 1

Zinc Dimethylphthalate Dieldrin
Acenaphthylene 44-DDE

OTHER PARAMETERS 3-Nitroaniline Endrin

Acenaphthene Endosulfan II

Bulk Density Testing® 2,4-Dinitrophenol 44-DDD

Specific conductance® 4-Nitrophenol Endosulfan sulfate

pH? Dibenzofuran 44-DDT

Carbonate? 2 ,4-Dinitrotoluene Endrin ketone

Total Organic Carbon®

TOTAL RADIONUCLIDES

2,6-Dinitrotoluene
Diethylphthalate
4-Chlorophenyl phenyl ether
Fluorene

Methoxychlor
alpha-Chlordane
gamma-Chlordane
Toxaphene

Gross Alpha 4-Nitroaniline AROCLOR-1016
Gross Beta 4,6-Dinitro-2-methylphenol AROCLOR-1221
Radium?5 228 N-Nitrosodiphenylamine AROCLOR-1232
Strontium ¥/% 4-Bromophenyl Phenyl ether AROCLOR-1242
Cesium'Y’ Hexachlorobenzene AROCLOR-1248
Pentachlorophenol AROCLOR-1254
ORGANICS: Pentachlorophenol AROCLOR-1260
SEMIVOLATILES Phenanthrene
BASE/NEUTRAL Anthracene
EXTRACTABLES Di-n-butylphthalate

Target Compound List -
Phenol

a

On 30 percent of the surface soil samples

5 On20 percent of the surface soil samples
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TABLE 2-2

ADDITIONAL PROPOSED OU-2 BACKGROUND
SURFACE SOIL SAMPLING PARAMETERS

TOTAL RADIONUCLIDES

33,234,235 and 238
239,240

Uranium?
Plutonium
Americium®#
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(CrVI) analyses will be performed in 30 percent of the surface soil samples, including the 2
polygons to be sampled at the spray fields (IHSS’s 216.2 and 216.3). Additionally, specific
conductance, pH, and total organic carbon (TOC) analyses will be performed on 30 percent of
the OU-2 and background samples.

Two of the OU-2 polygons to be sampled for the chromium VI, specific conductance, carbonate,
pH, and TOC analyses were biased to include the spray fields. The corresponding polygon
numbers are 1637 and 1843. The remaining ten OU-2 polygons to be sampled for these
analyses were randomly selected and include 563, 1168, 1191, 1815, 4408, 4454, 6051, 6075,
6120, and 8227. For the background area, the polygons randomly selected for these analyses
include 6, 7, and 8.

2.3.3 Physical Parameters

A subset of approximately 20 percent of the OU-2 and background samples will be collected and
submitted for bulk density testing. As stated in Section 1.2.1.2, geotechnical particle size
analyses were obtained in conjunction with the OU-2 Phase II CDH method sampling and
therefore particle size analyses will not be required during this sampling activity. Particle size
analysis will be used to evaluate the respirable fraction and entrainable fraction. These are for
risk assessment and modeling, respectively. The bulk density analysis will enable the
concentration units to be converted to concentration per unit area. The suggested 20 percent
frequency for collection of these samples will provide sufficient information to characterize the
soils. The OU-2 polygon locations for the bulk density testing were randomly selected and
include 2893, 2916, 2940, 4361, 4454, 4478, 6191, and 8157. The background locations randomly
selected for bulk density testing include polygons 5 and 7.

2.4 DATA MANAGEMENT

Field and laboratory data collection during the Phase I1 RFI/RI will be incorporated into the
Rocky Flats Environmental Database System (RFEDS). The RFEDS is used to track, store,
and retrieve project data. Data will be input to the RFEDS via diskettes subsequent to data
validation as outlined in the ER Program QAPjP (EG&G 1990b). Hardcopy reports will then
be generated from the system for data interpretation and evaluation.
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3.0
QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

The SAP addresses the procedures for conducting the proposed field activities as well as the
proposed analytical suite for the samples collected during the OU-2 surface soil sampling
program. A QAPjP is an element of the SAP that identifies QA objectives for data collection,
analytical procedures, calibration, and data reduction, validation, and reporting. The QAPjP,
in conjunction with SOPs, completes the SAP. The ER Program QAPjP and the Rocky Flats
EMD SOPs have been prepared by EG&G and submitted to the EPA and the CDH for review
and comment. All field and analytical procedures will be performed in accordance with the
methods described in the QAPjP and SOPs unless otherwise specified in this SAP.

3.1 INTERNAL QC CONTROL SAMPLES

The objective of the QAPjP is to provide a framework to ensure that all sampling and analytical
data achieve specific data quality standards. These standards ensure that PARCC parameters
(Section 1.2.2.5) for the data are known and documented. All samples sent for CLP Level IV
analyses will be handled in accordance with CLP guidelines. QC procedures for non-CLP
methods will be developed as needed using standard methods.

QC samples may be collected in conjunction with the investigative samples to provide
information on data quality. Equipment rinsate blanks, trip blanks, field duplicates, laboratory
blanks, laboratory replicates, and laboratory matrix spike and matrix spike duplicates are the
commonly collected samples. Trip blanks generally pertain to volatile organic analyses; and
because volatile organic analyses will not be performed on the samples collected during the
surface soil sampling program, trip blanks will not be collected for this program.

Rinsate blanks will be collected by pouring distilled/deionized water through decontaminated
sample collection equipment and submitting the sample for the same analyses as the
investigative samples. Rinsate blanks monitor the effectiveness of decontamination procedures.
Field duplicates will be collected and analyzed to provide information regarding the natural
variability of the sampled media as well as to evaluate analytical precision. A split of the
composite sample will be performed to obtain the field duplicate. Table 3-1 presents the
suggested guidelines for collection of field QC samples (EPA 1987) which are consistent with
the suggested guidelines listed in the QAPjP. Tables 3-2a and 3-2b present the total number
of investigative samples to be collected for OU-2 and the background area during
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TABLE 3-1

GUIDELINES FOR FIELD QUALITY CONTROL
SAMPLE COLLECTION FREQUENCY

Activity Frequency

Field Duplicate 11in 20

Field Blanks NA!

Trip Blank NA?

Equipment Rinsate Blank 1 in 20 or once per day, whichever is more
frequent

The use of field blanks for soil sampling at the RFP is not appropriate because of the
lack of commercially available blank soils that adequately reflect the various soil types
encountered.

Trip blanks are used for volatile samples only and therefore are not applicable to the
samples being collected for surface soils.

(4034-180-0022-630)( R1T.3-1)(02-02-93 2:24pm) 3 '2



- as N

A -

TABLE 3-2A

Oou-2 :
SURFACE SOIL SAMPLE FREQUENCY

Total Surface Soil Total
Analytical Investigative Trip Field Rinsate Samples for
Parameter Samples Blanks  Duplicates® Blanks® Lab
Metals® 40 NA 2 12 54
Radionuclides 40 NA 2 2 54
TCL Semi-volatiles 40 NA 2 12 54
(base/neutral
extractable)
TCL Pesticide/ 40 NA 2 12 54
PCBs
bulk density 8 NA NA NA 8
testings® '
Specific 12 NA NA NA 12
Conductance,

Carbonate, pH, and
Total Organic
Carbon®

5% for soil samples

5% for soil samples or once per day whichever is more frequent, estimate of 12 days to perform
the field sampling

¢ 30% will be submitted for Chromium VI analysis

20% of surface soil samples will be submitted for analysis

30% of surface soil samples will be submitted for analysis

NA  Not applicable
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TABLE 3-2B

BACKGROUND SAMPLE AREA
SURFACE SOIL SAMPLE FREQUENCY

Total Surface Soil Total
Analytical  Investigative Trip Field Rinsate Samples for
Parameter Samples Blanks Duplicates? Blanks® Lab
Metals* 9 NA 1 2 12
Radionuclides 9 NA 1 2 12
TCL Semi-volatiles 9 NA 1 2 12
(base/neutral
extractable)
TCL Pesticide/ 9 NA 1 2 12
PCBs
Bulk density 2 NA NA NA 2
testings® '
Specific 3 NA NA NA 3
Conductance,

Carbonate, pH, and
Total Organic
Carbon®

5% for soil samples

5% for soil samples or once per day whichever is more frequent, estimate of 2 days to perform
field sampling

¢ 30% will be submitted for Chromium VI analysis

20% of background surface soil samples will be submitted for analysis

30% of background surface soil samples will be submitted for analysis

NA  Not applicable
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implementation of this SAP. The polygon locations selected for field duplicates for OU-2
include 563 and 8087, and the background area polygon selected for a field duplicate is 6.

Laboratory blanks and replicates test analytical procedures and conditions. Laboratory matrix
spikes and matrix spike duplicates measure analytical accuracy by providing data on matrix
interferences and components interfering with instrument responses. The frequency of
collection and analysis of laboratory QC samples is dictated by the prescribed analytical method
as cited in the GRRASP. Currently no EPA-approved extraction process for the quantitation
of chromium VT in a solid matrix exists. The extraction process previously published in the 2nd
edition of SW-846, method 3060, was not included with the 3rd edition. The laboratory
approved by EG&G to perform chromium VI analysis has developed a standard operating
procedure (SOP) for CrVI extraction based on this method.

In order to fully evaluate the extraction process and analysis used by the subcontracted
laboratory, 100 percent of the samples collected for chromium analysis will be spiked by the
laboratory. These data will be used to evaluate chromium VI recovery and verify that the
laboratory has acceptable method control. The precision and accuracy standards detailed in the
proposed analytical method are sufficient for the project.

Chromium VI samples have a holding time of 48 hours. Since there are radiological screening
requirements that take a minimum of 24 hours to perform, the samples scheduled for chromium
VI analysis will be submitted to the laboratory immediately upon notification of clearance. The

samples should arrive within 48 hours of the sampling event.
32 ACCURACY
Analytical accuracy is expressed as the percent recovery of an analyte that has been used to

fortify an investigative sample or a standard matrix (e.g., blank soil, analyte-free water, etc.) at
a known concentration prior to analysis, and is expressed by the following formula:

~ A, x 100%
Accuracy = % Recovery = Ar o
Ap
Where: Aq = total amount found in fortified sample
Aq = amount found in unfortified sample
Ag = amount added to sample
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The fortified concentration will be specified by laboratory quality control requirements, or may
be determined relative to background concentrations observed in the unfortified sample. In the
latter case, the fortified concentration should be two to five time the background concentration

to permit a reliable recovery calculation.

The quality assurance objective for organic and inorganic analyses are tailored to the analytical

technique used, and are discussed separately in subsequent sections.
3.2.1 Metals Analysis

For analysis of metals, analytical accuracy is obtained from the analyte recovery measured in
a laboratory control standard and/or sample fortified (spiked) with the element of interest. For
this project, ten percent of the environmental samples submitted for analysis will be spiked, and
100 percent of the chromium VI samples submitted for analyses will be spiked. The QA

objectives for accuracy in routine metals analysis for these QC samples are summarized below:

Sample Recovery (%)
Laboratory Control Standard (LCS) 80-120
Spike Field Sample 75-125

Recovery values outside the QC limits for a Laboratory Control Standard (LCS) for the metals
to be analyzed in this project will trigger compensatory action. Recovery values for fortified
field samples are advisatory only and do not require corrective action.

3.22 Organic Analysis (GC and GC/MS)

For organic analysis, analytical accuracy is obtained from the surrogate recovery measured in
each sample and blank and/or from the analysis of samples or blanks which have been fortified
with a select number of target analytes. For this project, ten percent of the samples submitted
for analysis will be fortified.

The QA objectives for accuracy are summarized in Table 3-3 for GC/MS surrogates and in
Table 3-4 for GC/MS fortified samples. The recovery values for surrogates and target analytes
in investigative sample analyses are advisory for routine laboratory analysis, whereas only
recovery values for standard matrix samples (e.g., blanks) are used for triggering corrective
action.
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TABLE 3-3

QUALITY ASSURANCE OBJECTIVES FOR ACCURACY
FOR ORGANIC SURROGATE ANALYSES

% Recovery Limits*

Low/Medium
Fraction** Surrogate Compound Soil/Sediment
BNA Nitrobenzene-d5 23-120
BNA 2-Fluorobiphenyl 30-115
BNA p-Terphenyl-d14 18-137
BNA Phenol-d5 24-113
BNA 2-Fluorophenol 25-121
BNA 2,4,6-Tribromophenol

19-122

* U.S. EPA (1986). SW-846, 3rd Edition. Methods 8240 and 8270.
o BNA Semivolatile Base/Neutral Extractable.
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TABLE 3-4

QUALITY ASSURANCE OBJECTIVES FOR ACCURACY AND PRECISION

FOR ORGANIC TARGET COMPOUND ANALYSES

% Recovery Limits

% RPD Limits

Fraction Matrix Spike Compound Soil/Sed Soil/Sed
BN 1,2,4-Trichlorobenzene 38-107 23
BN Acenaphthene 31-137 19
BN 2-4-Dinitrotoluene 28-89 47
BN Pyrene 35-142 36
BN N-nitroso-di-N-propylamine 41-126 38
BN 1,4-Dichlorobenzene 28-104 27
PESTICIDE Lindane 46-127 50
PESTICIDE Heptachlor 35-130 31
PESTICIDE Aldrin 34-132 43
PESTICIDE Dieldrin 31-134 38
PESTICIDE Endrin 42-139 45
PESTICIDE 4,4-DDT 23-134 50
PCB Arochlor 1254 50*

% RPD - Relative Percent Difference

This list includes those compounds most commonly used for QA /QC accuracy and precision control in the
groups of analytes shown based on current U.S. EPA CLP requirements. (USEPA SOW 2/88 as revised

through 5/89.) Stated control limits will be updated to the current CLP protocol, as required.

*Laboratory Determined Limits
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33 SENSITIVITY

The sensitivity for each analytical parameter using the assigned methodology is sufficient to
meet the project requirements. The project specific sensitivity (quantitation limits) for each
parameter are listed in the GRRASP or CLP method and are listed in Table 1-4.

34 QUALITY ASSURANCE OBJECTIVES FOR PRECISION

Analytical precision is calculated by expressing the difference between duplicate sample
analytical results relative to the average of those results for a given analyte expressed as a
percentage. Precision can be expressed by the formula:

IC, - C,| x 100%

% RPD = /2
(C, +C)
Where: RPD = Relative percent difference
C = Concentration of analyte in sample
G, = Concentration of analyte in replicate

On the occasion when three or more replicate analyses are performed, precision is expressed
as the standard deviation of the analytical results of the replicate determination relative to the
average of those results for a given analyte as a percentage. This precision measurement,
percent relative deviation (% RSD), will have QA objectives identical to those for % RPD, and
can be expressed by the formula:

¥ [C2 - ((C)/n))] (n-1) X 100%

%RSD =
(C, +..C/n
where: RSD = percent relative deviation

C = concentration of analyte in the sample, and (C, + C,
+...C,) represents the sum of the concentration of each
replicate

n = number of replicate analyses

z = "the summation of"

The QA objectives for metals (and other inorganic parameters) analysis are different from those

for organic analyses. These QA objectives are discussed separately in subsequent sections.
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3.4.1 Metals Analyses

For the metals analyses, the QA objective for precision is + 20% RPD for soils (EPA 1990a).
Percent RPD values outside the QC limits for duplicate LCS analyses will trigger corrective
action. Percent RPD for duplicate investigative sample analyses are advisory only. For this
project, five percent of the investigative samples submitted for analysis will be analyzed in
duplicate.

3.42 Organic Analyses (GC, GC/MS)

For organic analyses, precision is measured by comparison of the recovery of a select number
of target analytes in duplicate fortified samples for duplicate fortified blanks (e.g., matrix
spike/matrix spike duplicate (MS/MSD) and/or blank spike/blank spike duplicate (BS/BSD).
For typical GC/MS or GC analysis, two sample containers are collected for each analysis. Ten
percent of the samples are collected in triplicate: one for investigative sample analysis, one for
matrix spike analysis, and one for a matrix spike duplicate analysis. - The QA objectives for
precision as expressed by the % RPD for duplicate analysis of target analytes are given in
Table 3-3. These RPD limits for investigative samples provide an indication of sample
homogeneity and representativeness.

The laboratory QA Officer will be responsible for insuring analytical results meet QC criteria
described for the appropriate EPA analytical method and for implementing corrective actions
and specified in the analytical methods. Corrective actions may include a laboratory audit to
resolve problems and reanalysis of the samples or, if difficulties cannot be resolved, resampling
and submittal to another laboratory. |

3.5 REPRESENTATIVENESS

Representativeness expresses the degree to which sample data accurately and precisely represent
a population characteristic, parameter variation at a sampling point, or an environmental
condition. Care has been taken in the design of the sampling program (described in Section 2
of the SAP) to ensure that sample locations are selected properly, consistency in sample
coliection techniques is maintained, a sufficient number of samples are collected to accurately .
reflect conditions at the site, and samples are representative of the sampling locations. The
statistical method used to derive the number of investigative samples to be collected (described

in Section 2) will provide data which is representative of the study area.
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3.6 DATA COMPARABILITY

Published standard sampling and analytical methods will be used for chemical analyses. Reports
will contain final results (uncorrected for blanks and recoveries), methods of analysis, levels of
detection, surrogate recovery data, and method blank data. In addition, special analytical
problems, and/or any modifications of referenced methods will be noted. The number of
significant figures reported will be consistent with the limits of uncertainty inherent in the
analytical methods. Consequently, most analytical results will be reported to no more than two
significant figures. Data are normally reported in units commonly used for the analyses
performed. Concentrations in liquids are expressed in terms of weight per unit volume (e.g.,
milligrams per liter). Concentrations in solid or semi-solid matrices are expressed in terms of
weight per unit weight of sample (e.g., micrograms per gram). Reported detection limits will
be the concentration in the original matrix corresponding to the low level instrument calibration
standard after concentration, dilution, and/or extraction factors are accounted for, unless
otherwise specified by program requirements. Through the use of the Rocky Flats method, the
data collected during implementation of this SAP will be comparable with previously collected
data. In addition, analyses of previously obtained samples were performed through the use of
CLP-RAS and, therefore, will be comparable to the data resulting from the analyses of the
samples collected during this program.

3.7 COMPLETENESS

Completeness is a measure of the amount of valid data compared to the amount of planned
data for a specific set of measurements. It is expressed as a percentage. Historical
completeness for CLP-RAS is 80 to 85 percent. For sampling completeness, a goal of 90
percent has been set for this program.

3.8 SAMPLE MANAGEMENT

Field preparation requires organizing sample containers and sample labels, and documenting
in an orderly, systematic manner that promotes consistency and traceability of data. Table 3-5
lists the appropriate sample containers, volume, preservative, and holding time for each
proposed analytical suite/parameter. The precleaned sample containers will be furnished by the
EG&G selected contract laboratory conducting the analysis.
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TABLE 3-5
SAMPLE CONTAINERS, SAMPLE PRESERVATION, AND SAMPLE HOLDING TIMES
SOIL MATRIX
Holding
Parameter Container Preservative Time
Soil, Sediment or Sludge Samples - Low to Medium Concentrations
Organic Compounds:
Extractable Organics 1 x 8-0z wide-mouth Cool, 4°C 7 days until
(BNAs), Pesticides glass jar extraction,
and PCBs 40 days after
extraction
Organophosphorous 1 x 8-0z wide-mouth® Cool, 4°C 7 days until
Pesticides and glass jar extraction,
herbicides 40 days after
extraction
Dioxins/Furans 1 x 8-0z wide-mouth Cool, 4°C 7 days until
glass jar extraction,
40 days after
extraction
Inorganic Compounds:
Metals (TAL) 1 x 8-0z wide-mouth None 6 mo'
glass jar
Toxicity Characteristic 8-0z wide-mouth glass None Extract 7 days,
Leaching Procedure with Teflon®-lined lid Analyze within
(TCLP) closure 40 days
Nutrients, including: 8-0z wide-mouth glass None ASAP
Nitrogen, Phosphorus, with Teflon®-lined closure
Chemical Oxygen Demand
Other Inorganic 8-0z wide-mouth glass None ASAP
Compounds with Teflon®-lined closure
Radiological tests’ 1-liter glass® None None
and Tritium
Abbreviations: ASAP - as soon as possible
1 Holding time for mercury is 28 days.
2 For Radiological Testing, the specific analyses will be defined as some or all of the following: Gross Alpha,

Gross Beta, Uranium 233+ 234, 235, and 239, Americium 241, Plutonium 239 + 240, Tritium, Strontium 90,89,
Cesium 127, Radium 226, 228.
3 Full suite.
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Each collected sample will be properly labeled, sealed, and placed in an appropriate container
for transport to the laboratory. Chain-of-custody seals, which serve as tamper detection devices,
will be placed around the top of each sample container and shipping vessel. All collected
samples will be logged onto an appropriate chain-of-custody form. Custody transfers made will
be documented on the form with the signature of the relinquishing and receiving parties
followed by the date of the transfer. All appropriate chain-of-custody protocols will be
implemented throughout the collection, shipping, and analysis activities.

3.9 DATA REPORTING
The chain-of-custody documentation will be included in the data package received from the

analytical laboratory. The analytical data will be submitted to EG&G via electronic diskette for
input into the RFEDS data tracking system.
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APPENDIX A
DEVELOPMENT OF RISK-BASED EXPOSURE LIMITS FOR
EVALUATION OF CHEMICAL DETECTION LIMITS

The following appendix provides documentation for the calculation of risk-based exposure limits
(ELs) for analytes to be evaluated in this Surface Soil Sampling Program. The risk-based ELs
developed in this section are compared to analyte detection limits to evaluate the need for
special analytical services. If an EL for a given chemical is lower than the corresponding
detection limit for that chemical, then the analytical method may not be sufficiently sensitive

. for evaluating potential risks for that chemical and alternative analytical methods for that

chemical are needed. The ELs presented below were developed based on EPA risk assessment
guidance (EPA 1991a), site-specific data, and professional judgment. The intake assumptions
used in this appendix are solely for the purpose of evaluating chemical detection limits. The
intake and other assumptions to be used in the baseline human health risk assessment
(BHHRA) for the OU-2 will be developed and approved as part of the Exposure Assessment
Technical Memorandum, which is part of the BHHRA. The ELs presented below were
developed for a residential receptor and are expected to be conservative due to the exposure
frequency and duration assumptions for this receptor.

Exposure Limits have been compiled based on non-carcinogenic (systemic) and/or carcinogenic
properties of the contaminants. A more detailed summary of these methods is provided in EPA
risk assessment guidance documents (EPA 1989, 1991a). The potential for non-carcinogenic

health effects are quantified by comparing the daily intake (DI) to a reference dose (RfD) as
shown below.

Non-cancer Hazard Quotient (HQ) = DI/RtD (1)
Where: DI = daily intake (mg/kg-day)
RID =

reference dose (mg/kg-day)

Non-carcinogenic risks from multiple contaminants are conservatively assumed to be additive.
A noncancer hazard index (HI) is computed by summing HQs for each contaminant.

HI

DI,/RfD, + DL/R{D, + DI, RfD )

A HI less than 1 implies there will not be systemic health effects from exposure to the
contaminants. Therefore, for each contaminant, the HQ has been set at 1.0.
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Calculated carcinogenic risks estimate the increased likelihood of an individual contracting
cancer during his/her lifetime due to contaminant exposure. Carcinogenic risks from multiple
contaminants are also assumed to be additive.

Where: Risk = CDI x CSF 3)
CDI = Chronic Daily Intake (mg/kg-day) or (pCi)
CSF = Carcinogenic Slope Factor (mg/kg-day)™* or
(pCi)*

For each contaminant, the risk has been set at 10 in computation of the EL to allow for the
additive effects of the other contaminants and exposure pathways. This is expected to result in
the cumulative risk from site carcinogens in the range of 10# to 10, which is the target risk
range for remediation of a site (EPA 1989).

The following equation is used to estimate the intake (CDI or DI) resulting from non-

radioactive contaminant ingestion.

Intake (mass contaminant/ = EL x IR x ED x EF x FI x ME x CF 4)
body mass/time) BW x AT
Where:

EL = Concentration in soil, at the point of
exposure (EL) (mass contaminant/mass
soil)

IR = Ingestion Rate (mass soil/time)

BW = Body Weight (mass)

ED = Exposure Duration (time)

AT = Averaging Time (time)

EF = Exposure frequency (unitless)

FI = Fraction ingested from contaminated
source
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ME = Matrix Effect is the reduced availability
due to adsorption of chemicals to soil
compared to same dose administered in

solution
CF = Conversion factor (kg/mg)

The following equation is used to estimate the intake (CDI or DI) resulting from radionuclide

soil containment ingestion.
Intake (Activity) EL x IR x ED x EF x FI x ME x CF (5

Where: EL

Concentration in soil at the point of
exposure (activity/mass soil)

From equations (1) and (4), (3) and (4), and (3) and (5), the EL- may be calculated for
noncarcinogenic, carcinogenic, and radiological effects, respectively, using the preselected values
for HQ and risk. These resulting equations and the parameters used for calculating the ELs
for soil are presented in Tables A-1, A-2, and A-3. The EPA-derived toxicity factors (RfDs and
CSFs) used in Tables A-1 through A-3 are presented in Table A-4.

The combined soil and dust ingestion rates used in Tables A-1 through A-3 are presented in
OSWER Directive 9285.6-03 (EPA 1991b), which specifies 200 mg per day for children ages 1
through 6 (6 years of exposure) and 100 mg per day for others. Presently there is no widely
accepted method for determining the relative contribution of each medium (i.e., soil vs. dust)
to these daily totals, and the effect of climatic variations (e.g., snow cover) on these values has
yet to be determined. Thus, for this preliminary evaluation, a constant, year round exposure
is assumed (i.e., 350 days/year).

The equation for calculating a 30-year residential exposure to soil/dust is divided into two parts.
First, a 6-year exposure duration is evaluated for young children which accounts for the period
of highest soil ingestion (200 mg/day) and lowest body weight (15 kg). Second, a 24-year
exposure duration is assessed for older children and adults by using a lower soil ingestion rate
(100 mg/day) and an adult body weight (70 kg) (EPA 1991b).

The calculated ELs and corresponding detection limits for each analyte with an EPA-derived

toxicity factor are presented in Table A-5. Comparison of these values indicates that, in general,
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the ELs are greater than their corresponding detection limit.  Arsenic, beryllium,
benzo(a)pyrene, and Aroclor 1254 were found to have ELs below the analytical detection limits.
However, in all four cases, the estimated ELs were within a factor of 10 of the GRRASP-
specified detection limits. These ELs were estimated using a target risk level of 1x10¢. Using
the GRRASP-specified detection limits in place of the estimated ELs would result in a risk level
of 5.5x10° for arsenic, 6.7x10 for beryllium, 3.0x10® for benzo(a)pyrene, and 1.9x10° for
Aroclor 1254. In the National Oil and Hazardous Substances Pollution Contingency Plan (NCP)
(40 CFR Part 300), EPA states that: "For known or suspected carcinogens, acceptable exposure
levels are generally concentration levels that represent an excess upper-bound lifetime cancer
risk to an individual of between 10 and 10°." If GRRASP-specified detection limits are used,
concentrations of arsenic, beryllium, benzo(a)pyrene, and Aroclor 1254 near the detection limits
will result in estimated risk levels that are acceptable. Therefore, no special analytical
procedures will be used.
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TABLE A-1
EXPOSURE LIMIT CALCULATIONS

FOR NONCARCINOGENIC CHEMICALS IN SOIL

EL

EL
RfD

HQ

BW

AT

IR

CF

ED

EF

FI

ME

il Wou o ou 1

o [}

RfD x HQ x BW x AT
IR x CF x ED x EF x FI x ME

exposure limit for soil (mg/kg)
oral reference dose (mg/kg-day)

hazard quotient (unitless)
= 1.0

body weight (kg)
resident® - 70 kg adult and 15 kg child

averaging time (period over which exposure is averaged)
ED x 365 days/year

ingestion rate (mg/day)
resident® - 100 mg/kg adult and 200 mg/day child

conversion factor (1E-6 kg/mg)

exposure duration (years)
resident® - 24 years adult and 6 years child

exposure frequency (days/year)
residential - 350 days/year

Fraction ingested®
resident - 1.0

Matrix effect
1.0

Residential exposure has been time-weighted averaged to consider both child and adult

exposure during the 30-year exposure duration per OSWER Directive 9850.4 (EPA
1989). Calculations were conducted in accordance EPA guidance contained in Risk

Assessment Guidance for Superfund; Volume 1 - Human Health Evaluation Manual
(Part B), EPA, 1991

The residential FI assumes that residents are in contact with chemical containing media

100 percent of their time at home.
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TABLE A-2

. EXPOSURE LIMIT CALCULATIONS
FOR CARCINOGENIC CHEMICALS IN SOIL

RISK x BW x AT

EL =
IR x CF x ED x EF x CSF x RP x FI x ME
EL = exposure limit for soil (mg/kg)
RISK = IE-6
BW = body weight (kg)
= resident® - 70 kg adult and 15 kg child
AT = averaging time (days) (period over which exposure is averaged)
= 70 years x 365 days/year
IR = ingestion rate (mg/day)
= resident® - 100 mg/day adult and 200 mg/day child
CF = conversion factor (1E-6 kg/mg)
ED = exposure duration (years)
= resident® - 24 years adult and 6 years child
EF = exposure frequency (days/year)
= residential® - 350 days/year
CSF = carcinogenic slope factor (mg/kg-day)™
RP = relative potency (factor considered only for PAHs)®
FI = Fraction ingested from contaminated source®
residential - 1.0
ME = Matrix effect

= 1.0

Residential exposure has been time-weighted averaged to consider both child and adult
exposures during the 30-year exposure duration per OSWER Directive 9850.4 (EPA
1989). Calculations were conducted in accordance with EPA guidance contained in Risk
Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual
(Part B), (EPA, 1991).
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TABLE A-2
{Concluded)

The relative potency factors used are interim guidance values from EPA Region IV,
February 11, 1992.

The FI assumes that residents are in contact with chemical-containing media 100 percent
of their time at home.
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TABLE A-3
EXPOSURE LIMIT CALCULATIONS
FOR RADIONUCLIDES IN SOIL

EL = RISK :
CSF x IR x ED x EF x CF x FI x ME
EL = ekposure limit for soil (pCi/g)
RISK = 1IE-6
CSF = carcinogenic slope factor (pCi)*
IR = ingestion rate (g/day)
= residential - 100 mg/day adult and 200 mg/day child
ED = exposure duration (years)
= resident® - 24 years adult and 6 years child
EF = exposure frequency (day/year)
= resident - 350 days/year
CF = conversion factor (10° g/mg)
FI = Fraction ingested from contaminated source®
residential - 1.0
ME = Matrix effect®

= 1.0

Residential exposure has been time-weighted to consider both child and adult exposures
during the 30 year exposure duration per OSWER Directive 9850.4 (EPA 1989).
Calculations were conducted in accordance with EPA guidance contained in Risk
Assessment Guidance for Superfund; Volume 1 - Human Health Evaluation Manual
(Part B) (EPA, 1991).

B 1
(pCi)™ * mg/d =y * d/y * g/mg

pCi/g

The FI assumes that residents are in contact with chemical-containing media 100 percent
of their time at home.
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TOXICITY VALUES USED TO COMPUTE EXPOSURE LIMITS

TABLE A-4

Chronic Oral RfD Oral Carcinogenic Slope Factor Relative
Substance (pCi/g) (pCi/g) Potency
Radionuclides
Sr¥ NA 3.0E-12 NA
Cs7 NA 2.8E-11 NA
Ra™ NA 1.2E-10 NA
Ra™* NA 1.0E-10 NA

Chronic Oral RfD Oral Carcinogenic SIQPG Factor Relative
Substance (mg/kg-day) (mg/kg-day) Potency
Metals
Antimony 4E-4 NA NA
Arsenic 3E-4 1.75 NA
Barium 7E-2 NA NA
Beryllium SE-3 43 NA
Cadmium 1E-3 NA NA
Chromium SE-3 NA NA
Chromium VI S5E-3 NA NA
Manganese 1E-1 NA NA
Mercury 3E-4 NA NA
Molybdenum 5E-3 NA NA
Nickel 2E-2 NA NA
Selenium SE-3 NA NA
Silver 3E-3 NA NA
Strontium 8.8E-1 NA NA
Thallium TE-5 NA NA
Tin 6E-1 NA NA
Vanadium 7E-3 NA NA
Zinc 2E-1 NA NA
Semi-volatiles
Dicthylphthalate 8E-1 NA NA
Acenaphthene 6E-2 NA NA
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TABLE A-4
(Concluded)
Chronic Oral RfD Oral Carcinogenic SIQPe Factor Relative

Substance (mg/kg-day) (mg/kg-day) Potency
Fluorene 4E-2 NA NA
N-Nitrosodiphenylamine NA 49E-3 NA
Anthracene 3E-1 5.8 0.1
Pyrene 3E-2 NA NA
Benzo(a)anthracene NA 5.8° 0.1°
bis(2-ethylhexyl)Phthalate 2E-2 1.4E-2 NA
Chrysene NA 5.8° 0.01°
Benzo(b)fluoranthene NA 5.8 0.1°
Benzo(k)fluoranthene NA 5.8 0.1°
Benzo(a)pyrene NA 5.8 1.0°
Indeno(1,2,3-cd)pyrene NA 5.8 ' 0.1°
Benzo(g,h,i)perylene NA 5.8 0.01
Pesticides /PCBs
Aroclor NA 7.7 NA
Beta-BHC NA 1.8 NA

NA Not available

The carcinogenic slope factor value for benzo(a)pyrene has been used for all EPA Group B2
polycyclic aromatic hydrocarbons (PAHs).

The relative potency factors used are interim guidance values from EPA Region IV, February 11,
1992, ’

(4034-180-0022-630) (R1T.A-4)(02-03-93 8:55am)



TABLE A-§

EXPOSURE LIMITS IN SOIL
ON-SITE RESIDENT

EL Noncarcinogenic EL Carcinogenic Detection Limit®
Substance (pCi/g) (pCi/g) (pCi/g)
Radionuclides
S0 NA 256 1.0
Cs" NA 27 0.1
Ra* NA 6.4 0.5
Ra*® NA 7.7 0.5

EL Noncarcinogenic EL Carcinogenic Detection Limit*
Substance (mg/kg) (mg/kg) (mg/kg)
Metals
Antimony 110 NA 12
Arsenic 81 0.37 2
Barium 18,900 NA 40
Beryllium 1,350 0.15 1.0
Cadmium 270 NA 1
Chromium 1,350 NA 2
Manganese 27,000 NA 3
Mercury 81 NA 0.2
Molybdenum 1,350 NA 40
Nickel 5,400 NA 8
Selenium 1,350 NA 1
Silver 810 NA 2
Strontium 238,000 NA 40
Thallium 19 NA 2
Tin 162,000 NA 40
Vanadium 1,900 NA 10
Zinc 54,000 NA 4

(4034-180-0022-630)(R1T.A-5)(02-03-93 12:53pm)



. f ‘ . ; ’

TABLE A-5
(Concluded)
EL Noncarcinogenic EL Carcinogenic Detection Limit*

Substance (mg/kg) (mg/kg) (mg/kg)
Semi-volatiles
Diethylphthalate 216,000 NA 33
Acenaphthene 16,200 NA 33
Fluorene 11,000 NA 33
N-Nitrosodiphenylamine " NA 130 33
Anthracene 81,000 1.1 33
Pyrene 8,100 NA 33
Benzo(a)anthracene NA 11 33
bis(2-ethylhexyl)Phthalate 5,400 46 33
Chrysene NA 11 ' 33
Benzo(b)fluoranthene NA 1.1 33
Benzo(k)fluoranthene NA 1.1 33
Benzo(a)pyrene NA 0.11 33
Indeno(1,2,3-cd)pyrene NA 1.1 33
Benzo(g,h,i)perylene NA 11 33
Pesticides /PCBs
Aroclor 1254 NA 0.083 0.160
Beta-BHC NA 0.36 0.008

NA Not available

mg/kg milligram/kilogram

pCi/g picoCurie/gram

2 See General Radiochemistry and Routine Analytical Services Protocol (GRRASP) (EG&G 1990b)

(4034-180-0022-630)(R1T.A-5)(02-03-93 12:53pm)



T —

(sSSHD SHLIS HONVISENS ” =

R R
SNO@IAVZVH TVNAIAIANI : | /,, gt il B

ANV ‘SYHIV NOLLVOLLSHANI
TVIAINE YT AVANNOY ¢-110

NAANVEOREW IVOINHONEL
DNTTIRVS 'TI0S 'TVIDIINNS RI/I4Y ASVHL
2 "ON IINO HIEVEddo

opeiIo[o) “UIPIon “Jwe[d sIEI LMooy
X99ANY 40 ININIMVSIA "§'0

-
n‘:u‘;axﬁ:}‘
e
3—J

o

oo fen'2
gnn' 23823

, A

" \ e
w | 2
\ F a
=4 \ =

o nL \m.,m /Mrﬂcv e *-

07 = WAMIINI HNOINOD o Sy

000 008 £ | i
009 = | 8pog

&¢MM¢ SIHONIAL 1SV3

YL S H A R

, L
Ry A 7

L - g

i

H

H

roren A A2 L iy ‘ e R .W/ b
| m MR A L
_ﬂ \\% R L g Lawns ; ‘,

7

ey

A

e

N

N

AN

el 4 '

EFER .
L sl L i\\

1hi

| e ———————
W

- = A s i -
ZAK s ok
< ¥ - 4 t .lllF.‘,w/\l,«ml\mmw sHhenme = revuguns "hluﬂ.‘

-‘III‘- _ ,, . . ) ;.y,.,,... j
SR IS el | i
AFNNS

GOSNV %0 KOUDSSM WTSA ey A O R T
A CENPWEI30 STRMNVE 40 NOLYDOT _ . r y . A Cod LT ]

FNVISENS SNOCHVZYH NTIONON

.w\\\.v\x\\ _ S . €8 ONOd 3 g e SRR

NOLVNVIaXT i — e

16028011 YEOORCEY




01-1

0001=} 9j0M

€661 AMVNNVE

vZ—-1 3uNoI4
SNOLLYD0T 310H3¥08 ANV
TI3M ONIYOLINON VOINOLSIH

ANANVYONIN TYOINHOIL ONINAAWVS TI0S 30VAENS
¢ 'ON lINn 378vy3do

~ Oppioje) ‘uspjoy ‘ubid siply Ayooy

A9YINT 40 ININL¥V4IA SN

0C = WAY3INI ¥NOINOCD

_\ 1— P T T TTra _1-1-\_
.OOO _. O .OOO F ) _—r - X g T.< n REs
1334 0001 = HONI | @ JTvDS i ,, e T NS P ST T S st .
, . . . K - . ’ o e Y T
I.Zl

zo_haoguh_m N
AONVISENS SNOGYVZVH TVNAINONE | 1.

FOHIN0B IVORIOLSIH o i
TIAM ONIHOLINON 9861 —3¥d v 4

TI3M ONINOLINOW TVIANTIV TvORIOLSIH
TI3Mm ONINOLINOW XO0ud38 TVOINOLSH s W

NOILVNY 1dX4




I1-1

0001~} SOOI

€661 AYVANVE

g¢—-1 RO
SNOILYJ07 FT0H3N0E ANV
T13M ONIYOLINON I 3SVHd

ANGAYYONIN TYIINHOIL ONIIdNYS ..__ow ovans
C 'ON 1INn 318Vd3d0

oppJ0jo) ‘uspiog ‘udid Sibly Arooy

AO¥3NI 40 ININLYVAIQ SN

02 = TVAYIINI ¥NOLINOD

I
0001 0 0001
1334 0001 = HONI | * JWOS

S L
1]

RN

&S
o
=l

zo=<uo._u:m M
JONVISANS SNOQYYZYH TVNAIAIONI fN

Ti3M NOLLYAN3S80 X20¥d3g 3

TI3M ONIdANG X¥004038

TIIM NOLLVAY3ISSO VIANTIV
YAINOZ3Nd

J10H3408 Z661 ANV 1661

TI3M ONIHOLINON T™MIANTIV 1661

TIEIM ONRIOLINOW MO0Nd38 Z661—1661

1600C
16208
1628T
16018

16900

« 0 O ® 0 <«

ApEi

NOILVNVY 1dX3




el-1

RE2
| £661 Arenuef
¢=1 34nol4

SISATYNY ANV SNOILYOOT 107d ONITdWYS
TI0S TVIOIAUNS 1l 3SYHd IN3IYINI

WOUNVHOMIN TVOINHIZL
ONMdAYS 1108 TVIDINNS
Z "ON LINN T18v¥3d0

opoJojoy ‘uepjog ‘jupld sipld Mooy
AD¥3N3 40 INIWl¥vdia ‘s

000 |/ ¢89080—MIrd VSZONEEY

07 = AN ¥hOINGD

- —

; 7 e I
000} 1008 ]
L0001 = 1

I

.m..

BCT'CT9CT e
CCTYET'ECT N YT WY ‘0VZ'65ENd - =
SNOIYDOT 10'd SNFIdMVS TMV 672 c7]
SNOLYOON 1014 ONMAWYS 380V 01 ] 62

NOLLYNV 1dXd

N P i



91-1

£661 A1enupr ¥—1 'ON 'Hid

WVIOVIA MOTd LYOJSNVHL
ANV HLVd TVDIIWNHHD

NAANVIOWAN TVOINHOAL
LNANSSHSSY HINSOdXA IN/149 II ASVHJ
2 LINN FIg9vaddo

opelo[o) ‘usplon ‘yueld sjely Looy
ADYANT 40 INIANLIVJIAA 'S'n

AbdaQ
BAIODOIPDY

\“_%“w_wm_:_ a%oydn jowiuy
_ 4930M abibyosig
sdpung s00Ng }oDU0] o0l
ysi4 1 ioydn ysy
(so0p)
4y Jooping
uonojosssg
UORDZNNDIOA ‘_Bmv‘wh.u_”\ok_o puo co_zcb_cc_
(soon)
Ay Joopuj
llog
pajouLIDbIUOY
\mowﬂﬂmw_mm> uojjisodeq jupld ,
_ Ammyo_:o_tuav uoisuadsng
4y JoopinQ PUIM
oZ%%MM_MUm ltes ‘uonisodaq Jiog
(soon)
) o Jy Jooping
uoiozZNPIoA
(saon)
Jry Joopuj
sjyuswipes
Jpouny
S|DWIUY /%00)s3Ar] 0ydn [owyuy 49108 un0}g
49D 22D4Ng
ysty 1 &jyo}dn ysy ’
304N0S NSINVHOIN 324n0s WSINVHOIN 304n0s NSINVHOIW
AYYNY3LYND 3ISVAT3Y AMVILY3L AYVILY3L 3SVITIY ANVANOOIS AYYANOI3S ISVITIY ANVIING 30dN0S AYVAIYd

gN0O4™

\




81-1

€661 Arenuvs  §-1°ON "DId

: N lu,W\N //f//,‘////m
SNOILVOOT ¥OLJADHY | = . {3 “\\///MWNWW\
NAANVIOWIN TVOINHOHL o R e CoT N el Vs T T HURRRRR S , ( 7 o w\A <G t
ONITdINVS TI0S 'IVIOIINNS IN/144 II ASVH4E =g , ‘ LN NS S % ..

¢ 'ON IINN T19VYddo

oppJojo) ‘uapjog .Eu_m s{bj4 Axjo0y
AOY¥INI 40 IN3INL¥VdIQ °S'n

1333 N 3vos
o osﬂ"”
0002 80'. 0 __'SIN3qIS3 31IS-NO 38n1n4
SHINHOM IHNLNA ‘HOHY3STIY

- VOIBOT003 3UN.LNS V3YV JHNSOJXT m

AN3QIS3Y IN3HHND
1NIOd 34NSOdX3

'SINICIS3Y 31IS-440 I8NLNA
ANIOd FHNSOdX3 IIVNIXOUddY Q

eueIpu] . .

anusAy

N3O

L£0LY052

- am am



LT
Fa
£e6l Apnupp %
[«)
 Aal'A . . ; =]
ol “ w.“ T © N “r\\\l“.\\“\\ﬂl_w.&..rll.ﬂlllll 2 \/ﬁ\ L\l_m N\_ W
0BLE] 1 . = o _ o
SNOILYD0T 107 - = ,f,// + i T + } + 5
ONITNVS TI0S TVIDIINS 167 e SN 059¢ sz S o : / 9 m B &
: B = M Iy =
qisvld aisodoyd e B r—+= 2 N 8 =< B 3
L - ,@E WBIE w © /V/l.l,,v"""l”hﬂlllunnt e T ///// © ﬂ
NNONVHOWIN TYIINHOAL e T R R 8 & ] //ﬂ/m w,
ONIJYS TI0S VIDLANNS T . w , AN °
Z 'ON lINN 379v¥3d0 - - - [Ee 0] N y 1
anN = < Z .
appdojo) ‘uaplon ‘Jupld siply Mooy 1 5L [CE0F e - = o m.ﬂu.\\ e
AD¥INT 40 ININLYV43Q 'SR I R s TR T A "
o 1 [x) /4 S [0 X e N WP
g [y 1 085 [V = A L oA \ 4+ =
Ui /N AL A e B N O G = i B 0 W K | SR P 4 =
N353 s \Jﬁ . = 1%7 573 : GUET N  R e Gl ﬂaﬁqaﬁ \m—_ w: o
. \ = e > e
TRTEIHOH] — AN = == 0 ! 8 1 {00 ] -
b1t I ﬁ - N T o = ey T = ) L3 aH -
= [z 008 [l 3 o 0 H 3
0F = TWAMAINI ¥NOINOD LISAN W S T —_[ouzy] ] B A I I ,
_, T[T 16012, el 01Ty |.ﬂws i3 7 L {06C - |
F : e 0oL R 0SE] 0202 DOST{¥ET pZa) [T A 0
009 00¢ ] ; [052E S 817 S : 153) ] A 7 ‘ e z
) ‘ ! N[ i oL i'd T wL 1< 7l S ;
[ 1028 0267 oYL 3] (54 7 1 LA Vi i H
009 = | 24 org I T ’ 70|
u TALTHDEDH] < 00z2 W 0w e H lﬂEHs: e
[ o087 (7] ey 05E} N ==, kS i L4
OIEY L3 ? s [iad : ‘ N Lvie B3| 4106 [
{5 [0122] 098] [ SN _Z (098 1T = (]
n I wT WL esu.elf ﬂu T o S T RN < oz ot ]
5 T 05G110%6
+ (i3 3V (AL} (71} “ 1 ] +
X : [ [ Y] A 0z 4 1
OvEF - ES i} - [ T O A ) ore ] - AN H 1
N~ 1 . iy [y ed=wty [ iichvrn (ORI 7 | o08 F 8% Wm 05 :
G91¥[ 0507, { 74 VOoy [SHTEINIQ L TOo Vo7 z01 T Gl | 087
T Josga] | OHLT JosEY 7 7 2 bkl (143 ¥
[z} i DLFC[06ET 0752|0272 T: DI | T - : e Eam i
s ) AT N I T [ R i | 701t g | 7 fecm T T T
\ DioT) _|oose| 08024 o o o i 0 5 o 9 o b s %bﬂ,ﬁ?m e 096 ] N T :
ZEERY [ I0ET ()] : idllg . AN o i LA qﬁ
ovet ; . i i , 0917 - . _Ms: wwxcs_g‘, - mr\ . 8 IR N Ty ]
15923 D0OSE[ 0057 _H@ e el [ - ,M@ : =
TR [010 - 5 5 . T s Eet
[ joscr , i g ;
06T [0S - T3 i I “In
o Towai blm\
0oz B " b
: WL [ |05RL
RS = R, o
1] 08 065¢ g
! \
- 0 (¥ [00 ™ [z
I 3 P I 5 0gVE | OEEE : DEFZ{007%
o T, I
_ A T ]
NOILYO0T TIdAVS 3svie - , i i B s S i
il e ! 19
(1353 |oRSE 5] A N [
X T T {
107d ONIMJWYS TI0S 3Jv4HNS .001X.08 [o1Eg] o OEH{RE o ,/
o V A
3 10453 TOS8E| Eam - ] - [ A
NOLLYNIAVINOD 110S _ - — O . i
3OVAUNS TVUNALOd ONUS3INS : (EzIR 00zt 1 T [_{o%L]
NOUYWHOANI TVORIOLSIH HUM SSHI
[004F OI6E DIBC 1 {0881
[l ldaols 11— 021¥|06E| [T — )
H ,
SY3d¥ 308Nnos m- H 0] HE VT e T
[ET-T=T 080¢] 0997 .
L7225 {over
00/E 0967} . T4 b
J3NINS (2] . 'l%r
HAFNOLINOYW MO NOILDIJSNI WNSIA IS ” i
A8 G3NIAYAIIC STRNNYVE 40 NOLLYOQ) GG _@\) X [055Z
Y = 3
I L |0Z6E] ; .\
1 [ Iocz [oc8e R 7 .
NOLYN9ISI SSHI NV LIS 2912 B = 0 - x
JONVISENS SNOQYYZVH TVRAIAIONI 0967 0¢/Z) -4 aNod .z
+ P
= e%..o.‘ T i 1081E T ﬁ@ﬂkﬂ/\ \“\\\\\
[T I 5] 4 z
T 85E] ; = 47 . \\\\\\\
[ foeee - - ¥ e
ZOE[(Z(J&XM . I | {ovz] [Ty (R = i 7




¢£661 ‘Aonupp
9-7 N4

ViV J1dNVS
T0S 30V4INS ANNOYINIVE

ANANVYOWIN TVIINHOIL
ONMdAVYS TI0S 30V4uNS
¢ 'ON 1lINn 378vy3do

0pDI0J0) ‘Uaplog ‘JuD|d Sipi4 Ajooy
AQY¥3INI 40 IN3NLYYdIQ SN

PO66L ‘9%93 :30UNOS
3S0Y aNIM 0661 d4d

02 = TWAYIINI HNOINOD

—

005 .0z 0
006 = 1 ®Dg

i
5

|

2

SNOLLYI0T ONMdWYS
T0S IIV4ENS ANNOUMIVE (1NO)

NOUVOOT ONIMJWYS

W0S 3OVAUNS ANNOYINIVE 8

(.0s x 00l)
NO9AT0d 0S ™IS d3S0d0¥d

NOILVNV1dX3

£0S-9108




G—¢ 3JdN9l4

3SN VIINIAISIY 3LS-NO JdNLN
SNOILYO01 LOTd ONITdAVS (001X.05

NNANVYONIAN TVIINHOIL
ONITdAVS TI0S 1VIDI4dNS
¢ 'ON LINN 378V¥3d0

OpDJ0|0) ‘Usp|og ‘jup|d Sib|4 AXd0Y
AQYINI 40 IN3WL¥vd3d ‘SN

0% = WWAY3LINI 4NOINOD

.0.0@ .O@N .O
006 = |

NOILYOOT 107d ONITdAYS
d3sva—alyd d3S0d0¥d

NOILVOO1T 101d
INIMAWYS d3Svig 03S0d0dd

S107d 001X.05 )

AYYANNOE 2-NO

NOILVNY 1d X

{oog've023
OfN’C6023
00076023

[

+

\\\
2
[

T/

| 3—q—e

B~ 000060723 |
£

o

T

—

wis

08Z¢) / 08,0
059t
0909/ AN
l\.fl
0260] 01 GE[OBET
orL
— ﬂﬂﬁ- .
8L 0L
042€
ovaf]
0617|0507
(IS 005% | 08LY]
W0ELZ
0LLE] [i[x74
1 | .@u«n
[y
0R1F|0V0F |
(06 06¥E[0LET
(111 R -
\\
B8 P24
m 062€ «
0z4s]/ v
\\
ALIH]0 AN
] ...i\ ~J
UevE|0gee]
0L\
4 \
! 0sLe - 0197
0 0ves]
/ =
NY (IS
| N I
091¥[020¥ {

- oest 0{¥E[ 0 7
by \ A SN
_E A

o¥L ] 0092
] [ LAy
/ N
~ 009€] S
™ R
1G0T R il
~J1 1 1 1 ¢ + { 1 v+ ‘v 1 @k | | 1+ ~ ‘1 L w3\ 1 e
[ - P R (1 067E 0¥ T
~ 7 97
oEls] 7~ —r T ¢
g e e eegte AgE— == - 0% —
= o = el el el e s ) = sl sl sl el s sl —
—\ 065C
N 0¥ 1¥[G00F AN
1 . =
\ 098¢ 0
orre 0897
Z { 0ZLE 0857
[y 3] 012f]
el ]
_\ _h 08SE
T I 0L 1¥]086€
L’
05HE [aalTANy
(NGO [IE]A
L [y 0152
N 0028 h
10006 =
LS
] \
» 0C1Y|086C pa
2 0¥8( OEVE0IEC A
3§ 099~
[ 7/
/ 00.¢ 0867
] ] 081€
| 1
[ 095¢ X
1 v
0119/0/6F N ~r
s
[ [0Z¥%[00EE I
\ i [ 0892
/ 069 d AN
I LT 081§
e [9Y
001%|096€
B
08t oT¥e|0628
i _
/
7 089¢]
™ — Dl A
10 \\\ _———
¢ [ .
=1/
0607|0568 \
< e Z |l
| 7 =
A I\
0 \ 0I8%]
I
u Wi
Y 0eov[OveE| 7
yri 3\ g2 Q.w&h.
{ p
0859 7 hY
[ \
L 09

d

%

00280723 |
%

000680723
g
n

ooo’vso’>3
i

0008023

i

AN

0001/¢61010—MIrd LSOO ™"

IOV DS I ———




